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■ Fundamentals of transmission vibrations. 

• First principles modeling — finite element. 

■ Gear dynamics modeling — differential equations. 
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■ Modeling of variation sources in design 

■ Propagation of design variations to model performance 

■ Function-failure correlation/analytical method 


Operational Variations: 
Helicopter Transmissions 
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Current experiments being implemented the 
OH58 test rig for crack detection (Glenn) 


ItskmCau 


WO 



* 


D 0) 

> > 

0) <u 


US US 
00 GO 

*3 *J3 

>- t- 


2^ >* 

E E 


2? w 

•c c3 
“2 -° 

1 ! 

d a 
•1 ^ 

— - op 

<u '3 
> «-* 
„2 tS 

ts *o 
US £ 
00 5 

2 * 

s £ 

2^ 2^ 

E u* 


<a -a 


us ^ 
oo -a 


feb 2 


>% •§ £3 

E > w 


00 oo 

a g 


<V <D 
> > 
o o 

US US 

13 13 
> > 
<D <u 

J J 


or) GO Oh cu , ^ 

J £ I-J J S“J 

tL<u<Jc*UQ rn _HH 

tin Uh go co lx* CJ3 PC PC PC 


<u > 

£ o 
o &• 

« ob * 9 "g 

J 2 j j ! 

JS JS jd § n 

.2? .SP £ a c 

5 5 6 3° 

S3 S3 •B "2 a 

£ £ 5 3 £ 

<u z> > > ~ 

■q T3 te te « 


*- .c 

<*-« GO 

3 £ 


E- H 

U. U. t-4 

<U <U «U 

> > > 

o o o 


cogoquUuUh3PPCPC< 


<fflUQWU,CI- 


^ -J 2 z 


Coordinated Turn Left CTL Fly level, forward, & turning left. 

Coordinated Turn Right CTR Fly level, forward, & turning right. 

Forward Climb, High Power FCHP Fly forward, straight, & climb at 50 psi. 

Forward Descent, High Power FDHP Fly forward, straight, & descend at 50 psi. 
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Experiment Design for Flights 
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Flight Stationarity Analysis 
AH-1 vs. OH-58 helicopters 
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independent of maneuvering 
effects. 

■ Reconfiguration 
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OH58 Test Rig: Analysis 
Results, Total Power 
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Research effort to develop monitoring metrics 
needed for false alarm evaluation 


Time-Domain Monitoring 
via KL Decomposition 
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■ Other research effort in group to model baseline 
changes by means of eigenvectors trained on 
baseline data (with Marianne Mosher) 
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Time-Domain Monitoring 
via Variance Decomposition 
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Ongoing research to compare with other metrics 
requiring more processing 


Flight Data Variance Analysis & 
Decomposition Fundamentals 
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Example: Comparison of Spectra 
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Example: Preliminary Flight 
Variance Decomposition Re 
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Example: Preliminary Triaxial 
Analysis Fundamentals & Results 
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Design & Manufacturing Variations 
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On-Going D&M Research 

Objective: 


0) 

u 

c§ 

0> o 
-at 
o 

S °- 

4-> 

c 
a> 
> 

<v 

L_ 

a. 
o 


fD 

E 


c c 
— o 

tJ is 

<£■= 
nj a 

-O ® 

„ t/> 

<u a> 
riJS 

ro ^ cn 

a>E 

c.E a 

O 5= _Q 

‘-4-> .2 O 

5=^ 

= !§£ 
rtJ r- ITJ 

-a £ w 
a> "a -a 
<u c c 
u_ ra ro 


CD 

C 


JU 

CL 





“O 

CD 

N 

o 

15 

4— > 

E 



CD 

o 


U- 







cn 

(D 

■O 

CD 

4— » 

fD 

ai 

03 

a. 

o 


CO 

o 

4-» 

£U 

a; 

o 

u 


T3 

o 

4-> 

<D 



Ln 

CN 


UL 

> 


o 

o 

rsi 


performance & safety using functional models 

Methods to capture function-failure similarity & 
tradeoffs 



Correlate variations to performance parameter 
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Example: Preliminary 
Experiments using Bearings 
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Analysis of Statistical Variance 
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effect on vibration signature 



gear system for the OH58 transmission results in the incorrect 
identification of the frequency components, hence causing potential 
false alarms during health and safety monitoring. 
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Failures and Defects Caused by 
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Example: Function-Failure Method 
for Similarity Analysis in Design 



Conclusions and Future Plans 
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